Abstract Complex anatomical relation of the duodenum, pancreas, biliary tract, and major vessels plays to obscure pancreaticoduodenal injuries. Causes of pancreaticoduodenal injuries are blunt trauma (traffic accidents, sport injuries) in 25 % of cases and penetrating abdominal injuries (stab wounds and firearm injuries) in 75 % of cases. Duodenal injuries are reported to occur in 0.5 to 5 % of all abdominal trauma cases and are observed in 11 % of abdominal firearm wounds, 1.6 % of abdominal stab wounds, and 6 % of blunt trauma. Retroperitoneal and deep abdominal localization of duodenum as an organ contribute to the difficulty in diagnosis and treatment. There are three important major points regarding treatment of duodenal injuries: (1) operation timing and decision, (2) Intraoperative detection, and (3) post-operative care. Therefore, it is difficult to diagnose and treat duodenal trauma. We would like to present a 21-year-old male patient with pancreaticoduodenal injury who presented to our emergency service after firearm injury to his abdomen and discuss his treatment with a short review of related literature.
Introduction
Complex anatomical relation of the duodenum, pancreas, biliary tract, and major vessels, difficulties in diagnosis, and in determination of treatment strategies all play part in making the management of pancreaticoduodenal injuries problematic. These injuries are often accompanied by colon, liver, intestinal, gastric, and vascular injuries [1] [2] [3] [4] . Causes of pancreaticoduodenal injuries are blunt trauma (traffic accidents, sport injuries) in 25 % of cases and penetrating abdominal injuries (stab wounds and firearm injuries) in 75 % of cases. Regarding duodenal injuries, second segment (36 %) is the most prone to traumatic injuries, followed by third segment with 18 %, fourth segment with 15 %, and first segment with 13 %. Multiple injuries are detected in 18 % of cases [5, 6] . In this paper, we would like to present a 21-year-old male patient with pancreaticoduodenal injury presented to our emergency service after firearm injury to his abdomen and his treatment progress with a short review of related literature.
Case Report
Twenty-one year old male patient was admitted to our emergency service following an abdominal firearm injury with an entry wound observed at epigastric region. He was conscious, had full orientation and cooperation. His blood pressure was 80/50 mmHg; pulse rate was 120 bpm and had rhythmical pulse. The patient was not stable hemodynamically. The entry wound was observed just below right costal arch at epigastric region, and the exit wound was observed at right subscapular region. Intestinal segments and omentum were partly eviscerated from the bullet entry wound (Fig. 1) .
Intravenous fluids were given via wide bore cannulae. Nasogastric tube was placed. Oxygen was started, and the patient was catheterized. Plain X-rays showed no rib fracture or lung injury. His lab workout was as follows: Hb: 7.4 g/dl, Htc: 20 %, Na:141 mEq, K:4,4 mEq.
He underwent emergency laparotomy. Initially, the abdominal organs and major vascular structures were inspected. The duodenum and pancreas were determined to be massively injured according to the American Association for The Surgery of Trauma-Organ Injury Scaling Committee (AAST-OIS). There was grade 5 injury at the head of the pancreas and duodenum and grade 1 injury of hepatic segments 1, 5, and 6. Exploratory laparotomy + total duodenal resection + primary pyloric exclusion + tube choledochostomy + pancreatic head repair + right nephrectomy + jejunal exclusion at Treitz level + cholecystectomy was performed.
As the patient's general condition improved, he was transferred to GMMA General Surgery Department. There, the patient underwent completion Whipple procedure. Having no complications, his drains were removed on postoperative ninth day, and T-tube was withdrawn on the 40th day.
Discussion
Clinical Features and Diagnostic Methods Duodenal injuries are rare in all abdominal injuries, but 75 % of these is penetrating. They are reported to occur in 0.5 to 5 % of all abdominal trauma cases and are observed in 11 % of abdominal firearm wounds, 1.6 % of abdominal stab wounds, and 6 % of blunt trauma [7] . It is sometimes encountered incidentally. They are especially difficult to diagnose [8] . Retroperitoneal and deep abdominal localization of duodenum as an organ contributes to this difficulty [9, 10] . Guarding and rebound tenderness may not be observed during physical examination.
There is no biochemical marker directly related with severity of the injury. Increasing serum amylase levels and continued elevation are of significance to suggest duodenal injury, but they have no importance with regard to decision to operate [11, 12] .
It is possible to detect intraperitoneal free gas with X-ray, more often in penetrating duodenal injuries. Observation of free gas at upper pole of the right kidney is especially common in duodenal trauma [13] . Additionally, serial radiograms with barium contrast may again reveal duodenal hematomas and wall injuries. The radiographic appearance described as Bcoiled spring sign^is observed in duodenal injuries [14, 15] . Although ultrasonography (USG) is inadequate for examination of this area, it should be the first test to be performed in order to rule out other pathologies [16] . The best test to visualize retroperitoneal area is contrast computed tomography (CT). Thin slice CT examination is important especially for decision on urgent operation, but has the disadvantage of not being applicable to unstable patients [17] .
Duodenal perforation can also be detected with radiograms following administration of gastrografin via nasogastric tube [18] . As a longstanding method, diagnostic peritoneal lavage (DPL) is a diagnostic procedure used in duodenal injuries [19] . DPL is controversial if there will be a necessity for CT examination later, since it can lead to false positivity and gives negative results in 50 % of cases [20] .
Treatment
Throughout the years, different management strategies have been developed for penetrating pancreaticoduodenal injuries. There are three important major points regarding treatment of duodenal injuries:
1. Operation timing and decision on operation is very important especially during the first 24 h of duodenal injuries. Mortality rate for operations performed after the 24 h of duodenal injuries is increased to 40 % from 11 % [21] . This rate increases up to 50 % in blunt trauma [22] . 2. Intraoperative detection of bleeding, trauma scoring (Table 1) , detection of injuries at other organs, and abdominal exploration in detail. 3. Post-operative care.
Accurate management of these three steps contributes in improved morbidity and mortality rates. Therefore, patients with these kinds of trauma should be monitored and treated in multi-disciplinary centers.
Intraoperatively, a thorough exploration is essential to detect bleeding and other organ injuries, and to prevent bacterial contamination. All segments of the duodenum should be inspected via Kocher or Cattell Braasch maneuvers. Presence of any biliary leakage (observation of biliary staining), crepitation in periduodenal tissues, petechiae at neighboring tissues, and fat necrosis should be inspected. The entire abdomen should be examined in detail [23, 24] . Retrograde duodenal decompression with nasogastric catheter is important in complex injuries to preserve the repair that has been made. In addition, tube jejunostomy can be beneficial as it enables early enteral feeding and helps to avoid complications of total parenteral nutrition (TPN) in case of complications like fistula [20, 25] .
Penetrating injuries of duodenum may be treated by debridement and primary repair or resection with anastomosis. For grade 1 cases, if there is intramural hematoma present and does not get resorbed within 2-4 weeks via conservative approach (nasogastric tube and parenteral nutrition), gastroduodenostomy + primary repair is recommended [18] . It is more common in patients who have bleeding diathesis or receive anticoagulant therapy [26, 27] .
For grade 1 and 2 injuries of second and third duodenal segments, serosal or mucosal patch methods are recommended [28] . Transverse repair has importance in duodenal injuries be for maintenance of adequate duodenal vascularity, to avoid obstruction and for tension-free repair. For grade 1 and 2 injuries in which the elapsed time is longer than 24 h, pyloric exclusion should also be considered.
Grade 3 injuries get a little more complicated. Although there have been various recommendations, resection + primary anastomosis or pyloric exclusion + vagotomy are the most frequently performed surgeries. Tube jejunostomy and gastrojejunostomy are also performed as required [29] .
Grade 4 and 5 injuries are quite complex, and surgery is performed as necessary. Pyloric exclusion + gastroenterostomy and pancreatectomy can be performed after the patients are made stable [30, 31] . These injuries carry a high mortality rate.
Although contrast abdominal CT is the best method, García Santos et al. reported that none of the radiological tests were helpful for diagnosis in 5 out of their 7 patients, and those patients underwent laparotomy due to clinical suspicion [12, 24] . In related literature, more than 75 % damage to the duodenum and its surrounding structures, first or second segment injuries, neighboring organ injuries, operation delay longer than 24 h, and grade 3 or more duodenal injuries are defined as complex duodenal injury [32, 33] . Complex duodenal reconstruction methods are not ideal treatment methods for these cases [14, [34] [35] [36] . Authors have proved that 60 to 80 % of most duodenal injuries could be treated with simple methods. Roughly 75 % of injuries has been determined as grade 1 and 2, 15 % as grade 3, and 10 % has been determined as grade 4 and 5 [22, 37, 38] . The most frequently performed technique in complex injuries has been determined as primary exclusion + gastroenterostomy [39] . During our exploration in our case, we found grade 5 injury; additionally, there was damage to the common bile duct, and the right kidney was divided to three at the hilar level. We performed primary exclusion + gastroenterostomy, and as his condition improved, Whipple procedure was performed in a comprehensive health center.
Complications and Prognosis
The most common post-operative complications, in decreasing order, are duodenal fistula (2-16 %), intraabdominal abscess (15 %), obstruction (5-8 %), and pancreatitis (0.5 %) [40, 41] . The most frequent cause of duodenal fistula development is inadequate surgery [12] . Factors most commonly associated with mortality are neighboring organ injury and delayed diagnosis [42, 43] . Varying rates of mortality have been reported between 6 and 50 % [22, 32, 44, 45] . The most frequent causes of mortality are bleeding for the early period and sepsis and multi-organ failure at the late period [44, 45] .
According to Los Angeles County and the University of Southern California Trauma Center, mortality rates are 8.3 % for grade 1, 18.7 % for grade 2, 27.6 % for grade 3, 30.8 % for grade 4, and 58.8 % for grade 5 injuries [12] . Conclusion 1-Duodenal injuries should be kept in mind in all abdominal trauma cases, since it has a high mortality and morbidity rate when the diagnosis is delayed. 2-During operation, pancreaticoduodenal region should be inspected thoroughly, and presence of other organ injuries should be examined, particularly the common bile duct and pancreas which have a direct influence on mortality rate. 3-Radical surgical methods should be considered in the second plan. Damage control surgery in contrast to definitive surgery with short operating time was aimed in treatment of our case.
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